Abstract. Transformation equations between magnitudes and color indices of the CCD and the standard Vilnius systems are calculated by the synthetic photometry method for the CCD camera of the 1.52 m telescope of the Loiano Observatory. The color equations take into account the temperature, luminosity and interstellar reddening effects and make possible transforming of the CCD color indices and magnitudes to the standard system with an accuracy of 0.01 mag.
INTRODUCTION
In 1995 we started a program of CCD photometry of stellar clusters and galactic areas in the Vilnius photometric system using the 1.52 m telescope of the Loiano Observatory. The observatory is located at 850 m altitude in the Apennines, 40 km south of Bologna. The telescope is equipped with two CCD cameras. One of them contains a RCA 512 x 320 pixel chip with the pixel sizes of 30 /im.
The chip is completely insensitive to ultraviolet radiation and can be used for photometry only in the wavelengths longer than 380 nm. Other camera is a part of the Faint Object Spectrograph which contains a Thomson 1024 x 1024 pixel chip with 19 fxm size pixels. The CCD chip has very high ultraviolet sensitivity (metachrome-2 coating) but the optics of the spectrograph does not transmit radiation with wavelengths shorter than 350 nm. Consequently, the camera cannot measure stars in the ultraviolet U passband of the Vilnius system. However, the P passband suffers only a small distorsion of its short-wavelength wing.
The present paper extends our efforts to establish reliable methods for transforming of magnitudes and color indices from various instrumental systems to the standard system using the method of synthetic photometry described in the first two papers of the series: Straizys, Boyle & Kuriliene (1992) (hereafter Paper I) and Straizys, Kazlauskas, Boyle, Vrba & Smriglio (1996) (hereafter Paper II). We apply this method to the 1024 x 1024 CCD camera of the Loiano Observatory.
Another problem, which needs a careful investigation, is a possibility of increasing a set of standard stars by using photoelectric observations in other photometric systems, such as UBV or uvby. In this case the method of synthetic photometry is also very effective since it gives a detailed relations between magnitudes and color indices for stars of various spectral classes, luminosities, metallicities and interstellar reddenings. Energy flux distribution functions F(X) of 49 stars, representing different spectral and luminosity classes, were taken from the catalog of Straizys & Sviderskiene (1972) with the corrected fluxes in the ultraviolet based on Sviderskiene (1988) catalog, as described in Paper II.
THE LOIANO 1024 x 1024 CAMERA SYSTEM
This camera was used in combination with the Vilnius filters since September 1995. We have used a set of 50 mm diameter filters belonging to the Vilnius institute. For obtaining the response functions of the instrumental system, we used the quantum efficiency curve of the CCD chip submitted by the manufacturer, the transmittance curve of the spectrograph (with the grating removed) from Merighi et al. (1994) , the filter transmittance curves measured in Vilnius, the transmittance curve of the atmosphere for a typical mountain observatory from Straizys (1992) and the reflection by two aluminized mirrors from Azusienis & Straizys (1966) .
The response functions of the instrumental system are given in Table 1 . In Fig. 1 we compaxe them with the standard response functions. The observable differences of the response functions are predetermined mainly by the filters since the CCD sensitivity curve is sufficiently flat both in the visible and in ultraviolet parts of spectrum. The coincidence of P and S response functions is fine. The instrumental response in the X filter is slightly bluer and in the Y, Z and V filters it is redder. The largest difference takes place between the V response functions: the mean wavelength of the instrumental function is by ~ 9 nm longer than of the standard function. Color equations for the 1024 x 1024 camera system are shown in Fig. 2 . For the P-V color index the equations are obtained for three air masses: 1.0, 1.5 and 2.0. The following linear transformations are valid:
for air mass X = 1.0, with the standard deviation 0.021 mag,
for air mass X = 1.5, with the standard deviation 0.020 mag,
for air mass X = 2.0, with the standard deviation 0.019 mag,
with the standard deviation 0.039 mag,
with the standard deviation 0.017 mag,
with the standard deviation 0.020 mag and
with the standard deviation 0.023 mag. For all these color equations, the luminosity effects are observed for G-K-M type stars. For example, residuals of X-V from Eq. (4) for some K stars are as large as 0.03 mag, and for M-type stars of late subclasses the residuals reach 0.05 mag. For more exact transformation of CCD observations to the standard system, we need color equations which take into account the luminosity differences. As it was shown in Paper II, this can be done by including to color equations the interstellar reddening-free parameters QUXY, QXYV and
Qxzs•
The parameter QUXY is luminosity-dependent for B-A-F type stars, the parameter Qxzs is luminosity-dependent for G-K-M type stars and the parameter QXYV is approximately a single-valued function of spectral class with only small dependence on luminosity.
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L{y-S) However, in our case we do not possess the magnitude U and, consequently, the parameter QUXY• Instead of it we may use the parameter QPXY which is also luminosity-dependent for early-type stars. Therefore, we shall calculate color equations of the form:
In the case of color indices X-V, Y-V, Z-V and V-S the term with QPXY can be deleted. For the color index P-V, the following color equations axe obtained:
for air mass X = 1.0, with the standard deviation 0.014 mag, 
for air mass X = 1.5, with the standard deviation 0.013 mag, and
for air mass X = 2.0, with the standard deviation 0.012 mag. These deviations are much smaller than those in Eqs. (1), (2) with the standard deviation 0.014 mag. Application of these color equations for reduction of the observational data should be made by several approximations described in paper II. Color excess ratios, necessary for calculating the reddeningfree Q-parameters, are given in Table 3 of paper II. The ratios of Ep-x/Ex-Y are given in Table 2 . A considerable dependence of this E/E ratio on spectral type is evident. For taking this dependence into account, we need the spectral type of a star when calculating the QPXY parameters. Since at the beginning of the reduction process this information is not available, we recommend to start reductions with the E/E ratio for G2 V type stars. After obtaining color indices in the first approximation, preliminary classification of the star can be made. Then a new E/E ratio can be taken from Table 2 and more exact QPXY value can be calculated. Probably, only two iterations are sufficient, since Eqs. (9)- (11) are not very sensitive to small errors of QPXY- The largest contribution to standard deviations of Eqs. (9)-(15) make M-type stars, especially of spectral classes M4-M6. Since these types of stars in the galactic field axe rare, we may derive color equations ignoring all M-type stars. For P-V we obtain: 
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METAL-DEFICIENT STARS
To test if the metal-deficient stars have different transformation corrections in comparison with normal stars, we have calculated synthetic color indices both in the instrumental and the standard systems for 10 F-G-K subdwarfs, 7 metal-deficient giants (MDG) and 7 blue horizontal-branch (BHB) stars, as described in Paper II. The differences of P-V and X-V color indices are plotted in Fig. 3 together with those for the main sequence stars. In the case of P-V, subdwarfs and BHB stars show no difference with respect to normal stars, and the metal-deficient giants lie close to the normal G-K type giants. Thus, in transformation of the P-V color indices the effect of metallicity is not important.
In the case of X-V, there is a small systematic effect: the corrections for subdwarfs are absolutely smaller by ~ 0.02 mag than for 
CONCLUSIONS
By the method of synthetic photometry we have analyzed possibilities of transforming the magnitudes and color indices of the instrumental CCD system of the Loiano Observatory to the standard Vilnius system. In most cases, for the exact transformation we need the luminosity, metallicity and interstellar reddening of the stars. However, knowledge of these physical parameters of stars is not necessary if we use color equations with the reddening-free Qparameters formed from some specific magnitudes. They take into account the luminosity, metallicity and interstellar reddening effects automatically. This makes possible transforming of the CCD color indices and magnitudes to the standard system with an accuracy of 0.01 mag.
